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ABSTRACT 


å non-economic optimization criterion to develop aon 
& multi-missioa naval salvage tug in this report. The opt- 
imizetion is carried out on a digital computer by the use of 
the exponential random search procedure in a multi-dimensional 
design Space. The algorithm minimizes the quotient formed by 
Avoine the life cycle cost of each @esicon by DEDECUS 
number of non-economic effectiveness measures of the design. 
The effectiveness measures chosen reflect the ability of the 
tug to meet its required towing mission and salvage mission. 
Sample results of the program are contained in Sections leo. 
the paper. 

The optimization criterion proved satisfactory, put, 
the method of computing individual requirement effective- 
nesses was not satisfactory in all cases. An improved method 
for computing the effectiveness of a design is recommended 
IM Section V 
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I. INTRODUCTION 

The exponential random search optimization technique, 
first applied to the design of ships in reference (13), has 
been applied to the optimization of an oil tankship in ref- 
erence (22), and to the container ship problem in reference 
(9). All of these applications have been for commercial 
Ships where clearly defined ship missions exist and "owner 
requirements" are available which specify items such as the 
trade route waich the ship wild travel, the required cargo 
deadweight, and a desired optimization criteria. Since 
toese Ships were designed for commercial ventures, a purely 
economic optimization criterion was appropriate. Suitable 
criteria were: maximize the capital recovery factor (CRT) 
of the operation, minimize the required freight rate(RPR), 
or mininize the sum of the acquisition and operating costs 
of the ship. 

In this thesis the exponential random search optimization 
technique has been apolied to a naval vessel. This poses a 
number of difficulties not encountered in the previous ap- 
plications of the optiulzation 55 . 

Naval ships navc, in general, a multiemission capability, 
and none of the missions are of an economic nature.  Conse- 
really, economic optimization criteria 2162 as ae cepital 
recovery factor and the required freignt rate are not suit- 
able unless pseudo-monetary value can be attacned to the 


e .؟‎ a وو‎ ee, ? "xw s ere ey ` el» 1 La n < ث د‎ A < 
e ou Capepalitles inherent in 1 S G mission. 
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The "least cost" Ship optimization criterion can be readily 
used, but only if each of the ship's missions are completely 


3 


specified. Furthermore, with tne multiplicity of the ship 
missions, the least cost ship may not be as cost-ciieeuive 
as some otner design which costs, perhaps, only siilghtly 
more. 

In an attempt to investigate these problems, a dual 
mission salvage tug was chosen. This ship type has a re- 
guired towing mission similar to that of an ocean going tug, 
and also a salvage mission which must be teken into consid- 
eration during the desien pnase. The optimization criterion 
Selected was based on cost-effectiveness, where the costs 
are those of the twenty-five year life cycle of the Ship. 

It was hoped that this optimization scheme would consider 
the disparity in costs in relation to the effectiveness of 
each design and Select the one which was tone most economical 


Tor the greatest effectiveness. 





II. PROCEDURE 

I. Ship Design Variables 

For preliminary design purposes, a ship is completely 
defined when the following eight parameters are uniquely 
SUIS 

1) Full load displacement, 

2) e coefficient, Cp 

3 Midship section 00671731616 1 TD 

4) Length, I 

5) Draft, T 

6) Beam, B 

7) Deptn, D 

8) Required instelled shaft horsepower, SHP 

By adopting the independent design variables listed in 
fable I, the above eight parameters can be expressed in terns 
Ec chose variables and a specified ship velocity 1 2951 117 

1) Az xv) 

2) Cp = XV(5) 

5) The midship section coefficient can be related to 

the speed-length ratio (XV(2)) by : 
Gm = 0.977 + 0.018 XV(2) 4 0.076 (xv(2))* 
NS a 1 

NEC) 


5) me = ` DOS D M 
L{B/T)Cpom 


AR marem O TA EU A e e A er A AAA TAL RACIAL DARAN ADT eee ager 
Reference (1), Appendix 1, section Y. 
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(v/xv(2))*xV(3)-xV(5)-£(XV(2)) 
a AV 2) 
V y XV(O)*XV 
6) p= 37= XV(2) xXV(2) وور‎ 
1 V ES (5) «£(xv(2)) 
li ve 





Tr es . و اې‎ 
1/D XV (2) ) XV (24) 


8) SHP = f(xV(1,2,3,4,5)) where a standard series is 

used to evaluate the powering requirements. 
fhe variables as listed in Table I are the independent 
design variables which were used as the randomly generated 


variables in the exponential rardom searco. 


eee Mission nequirements 

fable II lists those mission requirements whica are an 
input to the computer program. In accordance with the ATS 
requirements as listed in reference (24), the maximum speed, 
endurance speed, and towing speed selected for use in this 
investigation were seventeen, tnirteen, and seven knots 
mespectively. Associated with those speeds were propulsive 
coefficients of 0.68, 0.75, and 0.65. The basic endurance 
range required vas ten thousand mites at the endurance 
speed. The tow pull required was arbitrarily selected as one 
hundred and fifty-three thousand pounds, which is somewhat 
higher than that used for the AT5-1 design. The limiting 
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eet in agreement with the 


Fl 


ifteen 
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draft was specified 


tl 





1) 
2) 
5) 
4) 


Table 1 


List of Independent Ship Design Variables 


Item Symbol Units 
Full Load Displacement ON long tons 
Speed-Length Ratio VE" EAE 
Beam-to-Draft Ratio B/T feet/foot 
Length~to-Deptn Ratio L/D feet/ foot 
Posse Coefficient Ç non-dimen 


Variable 
NO 
xv (2) 
KV (2) 
XV (Z) 
AV (5) 





1) 
2) 
5) 
+) 
5) 


6) 


UG 
Mule 
d 
Toe 
The 


Dope 


List of Mission Requirements 


maximum speed of the ship 
eneunance Speed 

towing speed 

endurance range 


resistance of the towed vessel which the tug must 


be capable of towing 


The 


maximum draft allowable for salvage and/or navigat- 


ional reasons 


m 





salvage tug draft limitation. 


TESTI Oh Varia n 
The curves of reference (12) formed the basis of tne 
data of the powering subroutine used in the design process. 


The ranges of applicability of that data introduce the 


relations; 
0.001520 20.000 M 
7 | 
0.50 =<  £ 1.20 2 
t Ë (2) 
2,25 = : £ 3.75 (5) 
0.48 = 0, = 0.70 (4) 


Equation (1) results in the followins two relationships: 


— in RUE an] > 0.001 (5) 
QE 
6 
235 35 WO) ) max x EVE os)” € 0.006 (6) 
(max) 


Equation (2) produces: 





NV D (7) 
Y | 

on XV(2) an B 0.5 (8) 
Vmax 


Equation (3) requires that the variable XV(3) be bounded by: 


ergy 5 (9) 

a AE (10) 
Equetion (4) limits the prismatic coefficient: 

VCD) en = 0,49 Ci 





XV (5) O (12) 
Àn examination of reference (12) shows that the residual 

resistance coefficients do not change markedly in the 
neighborhood of à speed-length ratio of one-half for a wide 
range of prismatic coefficients. Since the speed-length 
ratio of the ATS type tug in the towing condition is below 
one-half, it was decided to use the resistance coefficient 
for a speed-length ratio of 0.5. This saved demande 


computer time and did not result in the loss of accuracy. 


+. Ihe Convergent Exponential Random Search 
What follows is a brief explanation of the search 
technique used in the exponential random search. For further 
details on the updating mechanism, see reference (13). 
&. The exponential ee search seeks to optimize an 
objective function,C, within an n-dimensional vector space. 
The n vectors (independent variables), XV, assume randomly 
generated values which lie within the specified upper and 
lower bounds of tae variabile in accordance With the updating 
mechanism. For each feasible solution arrived at in conjuno- 
tion with previously calculated values of n-1 vectors and 
one randomzy generated vector, the objective function C is 
calculated. The value of C is compared with the best previous 
approximation to the optimum, e to determine if the 


latest result is an improvement. If it is an improvement, 


e . d. = s 
C” is updated to the new value, and the randomly generated 





vector associated with the C" is tnen used in the updating 
mechanism. Upon termination of the search, C" is assumed to 
be ine true value of C. 

b.. In this study there are five independent varlables. An 
initial set of the variables is input to the computer pro- 
gram, as are tne upper and lower bounds for each of the 
variables. The initial set of variable values are used at 
the outset as the best solution thus far obtained in ٢ 
search. With this arrangement, the program enters the 
"zeroth" loop (loop is defined below) to attempt to obtain 
a feasible solution. If a valid solution is obtained, the 
search continues for the desired number of loops. If no 
feasible solution is obtained by the end of the zeroth 
loop, the search is terminated. 

A sampling cycle consists of updatine one of the 
Variables to arrive at a new feasible solution. During the 
updating process, randomly generated values of the variable 
are calculated until a value which lies within the upper 
and lower bounds of the variable is found. With the new 
value, e new design is computed. If the design is acceptable, 
the sampling cycle is completed and the new objective 
BUHCtTION is compared with the previous best to see ix Iù 
is an improvement. If the design is not acceptable, a new 
value of the variable is generated and the steps above 
repeated. For each variable, a maximum of five attempts 


is made to find an acceptable solution with tne undated 





value. If a new feasible solution with the variable is 
not formed after five attempts, the value of the variable 
is returned to tne value that it held in the previous 
sampling cycle (i.e. the value that it had for the update 
of the previous variable). As a result, the values of the 
four variables wnoich are not being updated during & 
Sampling cycle, are the values of those variables which 
last resulted in a successful design. 

A sampling loop, or "loop", consists of five sampling 
cycles; one for each of the independent variables, as 
defined in the previous paragraph. The zeroth loop there- 
fore, evaluates twenty-five combinations of the independent 
variables in the case where no initial, feasible design is 


Bound before the search is terminated. 


5. Program Heirarchy 

Figure I shows the logical heirarchy of the computer 
programs used in the tug optimization investigation. 

The input subroutine is called at the beginning of 
the maia program for toe reading of tne data cards. Once 
the date nas been read, the input subroutine prints one 


pacc of Oll jut Which lists the desisn ana program cedquire- 


me 


= 


tS as specified in the data. 
The design subroutine is called for every set of 
independent variables generated which lie within the 


varlable’ranges and for which the draft and freeboard are 
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acceptable. The design subroutine in turn calls the power- 
ing subroutine three times, once for each of the three tug 
speeds under consideration. An error return is made from 
the design subroutine if any of the Pemeevane Sconces 
occur; endurance power exceeds the specified installed 
power, insuificient displacement for the weight sun, 
Losufficient internal volume, or, inadequate stability. 

It an error return is made from the design sub-program, 
a new set of random variables is generated. If the design 
is adequate, the cost subroutine is called to calculate the 
acquisition cost, the annual costs, the annual maintenance 
and repair costs, and the twenty-five year life cycle cost. 
Ths effectiveness Value, and the cost-effectiveness 
quotient is computed. 

For designs of equal or better merit than the previous 
Best, the output subroutine is called to print a page of 
intermediate output concerning the last evaluated design. 
fhe loop number is listed on this page to aid in ident- 
ification of the portion of the search in which the design 
Mas found. 

At tne completion of the searca, the design, cost, and 
output subroutines are called to re-cvaluate the design 
which was found to be ihe best. A ivo page output is 


printed for the optimum design (see appendix F). 


pe 





6. The Cost-iffect Analysis 

In a cost~effectiveness analysis, costs are typically 
plotted as tne ordinate of a graph whose abscissa is mea- 
surcd in units of effectiveness. A possible graph of this 
type to represent the cost to effectiveness relationship 
mor a Shap coneept is shown 10 Pista 

At low effectivenesses, the coStwimecreases rape on 
increased effectiveness. At intermediate effectivenesses, 
the slope of the cost-effectiveness curve decreases from 
wnat it was at the lower effectiveness and the cost does 
not increase so rapidly with increased effectiveness. At 
higher efíecilvenesses, the slope of the curve increases 
again and the cosSt, once again, begins to increase rapidly 
for added effectiveness. In selecting the optimum design 
an such a case, the practice is to select the point on the 
curve in the intermediate effectiveness region just short of 
the point where the costs begin to increase rapidly with 
effectiveness. An example of such a selection is point "A" 
in Figure II. However, equally likely points of-selection 
could very well nave been points "B" or "O^ in Figure II. 
Mie Selection of such an optimum point is, therelore, very 
Suojective and unsuitable for computer use. 

The above technique could be adapted to computer use 
if a desired slope of the cost-effectiveness curve could be 
specified. The selection of such a slope might be difficult 


in the case where the effectiveness is measured in terms of 





Figure I 


u ode amat ttm 


sample Cost versus Effectiveness Curve 
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pure numbers. The difficulty Would Sic ARN ECS K 
merit of spending so many 86013101 UoOllSLS O SD 
effectiveness, This approaca could Enon vor Deme 
applied in the case where the effectiveness is measured in 
economic terms. A possible example of this type of e 
tion is cost measured in annual investment in an enterprise 
and effectiveness measured in terms of anticipated annual 
after-tax profit. A slope of unity would be an upper limit 
because at that point an additional dollar invested would 
ull 1ih an aditional dollar of profit.: Any ore ter 
Slope would result in a loss on the additional investment. 
If, instead, surplus capital could be invested elsewhere 

at an after tac rate of return R, the desired slope of tne 


cost-effectiveness curve would be reduced to the quotient 


Oem ey در‎ 


len ` 
This type of approach would have been difficult for the 


8311۷82826 tug investigation for two reasons. The effectiveness 
LS not an economic quantity, so attempting to select a pro- 
per slope on the cost-effectiveness curve would have been 
B ilculuv. Secondly, since the costs Were to be computed 
for randomly generated ship designs, a smooth cost-effect- 
iveness curve would not be produced by the plotting of all 
of the points. 

Consequently, a new optimization criterion had to be 
devised which would not suffer from these weaknesses. It 


vas desired that tne criterion should pick tne cheapest 





Ship from among ships of equal effectiveness and select the 


Ship with the greatest effectiveness 10m o CTO F a 


of equal cost. The method waich these requirements suggested, 


and the one which was adopted for use, was the minimization 
of the quotient formed by dividing the cost by the ship 
effectiveness. Figure JII snows graphically the results of 
applying this optimization method to the cost-effectiveness 
curve of Figure II. This amounts to finding the eifecti- 
veness for which the cost per unit of effectiveness is the 
cheapest. 

The minimum point of à curve occurs at the point ٢ 
pr slope Of tae curve is zero. Applying thas to the cul 
terion selected above, 


d ,€ 
ne 


at the optimum solution. If this is expanded, 
1 240 dk 
)ړس‎ h ee OC O 
2 ol QE 
4 
and, after rearranging terms, 
dc € 
dE E 


at the minimum point of the cost divided by the effectiveness 
Curve « 

Bssentsally, this criterion solves ti E o e 
meeness problem by finding the point of the cost versus 
effectiveness curve at which the slope of the curve is equal 
lee the cost divided by the effectiveness, 

This provides, in part, an answer to the problem pre- 


puocusly mentioned concerning Selection of a Suitable slope 


—— 
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Optimization Criterion- Applied to Lost 11 RK e 
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to use in determining the optimum point on a cosi-eifect- 
iveness curve. This method has the merit ofassuring the 


greatest effectiveness per dollar. 


The two missions of a salvage tug, ship salvage and 
ocean towing of disabled ships, are both responses to un- 
predictable emergencies which makes anticipating annual 
operations difficult. The ships may also be used for rou- 
tine service towing ( e.g. target sleds ), but this is a 
secondary purpose. As a result, no attempt was made to com- 
pute annual operating expenses. Instead, a "cost of avail- 
ability" was used, based on a twenty-five year life cycle. 


The cost of availability is the present value of the 


r2 


costs which will be incurred over the life of the ship to 
maintain the ship in readiness. This inciudes tne acquisi- 
tion cost, the annual crew costs, and the annual maintenance 
end repair costs. The present value of the annual costs 
mere computed using a four percent rate of interest. Tae 
cost estimating relationships used for the cost analysis 
Eré Sol in Table III. 

The anaal maintenance and repair costs vere estimated 
by using Figure 30 of reference (3). The costs predicted 
from that figure were increased by twenty-five percent to 


Ç 


make allowances for a diesel engine propulsion system , and 


Na 
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Reference (3), page 29. 
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weight 
weight 
Weight 
weight 
Weight 
weight 


meisht 
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group 
group 
group 
group 
group 
group 


group 


Table 111 


Cost Fstimating Relations 


tall structure 

propulsion 

exec LO 7778 
communication and control 
auxiliary systems 

outfit and furnishings 


armament 


011178 
catel Dew o íA cC 


other enlisted men 


$2000 /ton 
56000 /ton 
38000 /ton 
310000/ton 
$4000 /ton 
35000 /ton 


$10000/ton 


$15000/year 
510000/year 
à 6000/year 





also upgraded at four percent interest to mexe allowances 
for cost increases since the paper was publisned. 

plight measures of effectiveness were postulated with 
welch to measure the ability of the tug to fulfill the 
towing and Salvage missions. They Were: Mendurance range, 
towing pull power, deck area available aft of the towing 
Finca, the bollard pull provided, themGraltyors i ceo, 
the availability or volume for ballast, the excess volume 
available internally, and the amount of metacentric height 
provided beyond that required. 

Tne endurance range was used because the design pro- 
gran computes the welgnt available for fuel from the slack 
between the weight sum and tre full load displacement. As a 
result, the range of a design may vary Significantly from 
Mae required input range. Tne effectivemess number Gas 
computed by dividing the range provided by the range re- 
@uired and then deducting one, or, 

E  =(.2ctwel endurance . 1) (e 
enaur required endurance 
Hence, if tne design provides exactly the required range, 
the effectiveness nunner is zero. 

There are two methods of cmuloyite tnesetrieculveness 
of the endurance. In one, there is no penalty assigned if 
the endurance range exceeds that required, nor is additional 
credit given for the added range. In the second, excess 
endurance is considered to be unwarranted; consequently, 
the effectiveness is deductive. In both cases insufficient 


” 
~ 


c dureneece decresscs the eziccetiveness. 


Des 





The towing pull effectiveness was lncorporated in the 
Same manner aS was the endurance range and can be written 


as: 


jas actual towline pull 1) (14) 


ana Ms, A f L 


Ls = 
tow required towline pull 
in this case, tne actual towing pull power developed is 





determined by toe powering requirements. The power available 
for the towing pull is the difference between the power re- 
quired for the tug in the towing condition and the maximum 
Stalled power. 

The deck areca available aft was included since added 
deck area provides increased work area, which is desirable, 
and also additional temporary stowage area. In this case, 
the actual deck area provide? ves normalized by the amount 
of deck ares available on the ATS-1, approximately four 


thousand square feet. It can be written es: 


- INE co o 
Y = —— سه‎ i 

deck area 4000 (15) 

Bollard pull was considered desirable for salvage work 


primarily. As a consequence, the effectiveness number for 
the bollard pull was determined by a comparison of the 
bollard pull developed in relation to the pull developed by 
the beach gear carried aboard since both are used to de- 


perop stati^ pull. 


Y bollar FP ae 
“pollard null ( 806, 000 + 1) (16) 


While the maximum allowable draft of the ship is a 
program input, a reduction in draft would be desirable fron 


P 


the salvase viewpoint since a shallower draft ship can work 





in closer than one with a deeper draft. The effectiveness 
number was computed by deducting from one the ratio of 


actual dratt. co limiting dais 


actual draft 

1 — دنت - نت — ——— — 1 gts‏ ; 

cs \ maximum draft ) 117) 
Ballast was included primarily 10 2111411117 لل رر‎ 


in the less tban full load condition m me e ec eS 
the initial stability in the full load condition. There 
was no vay to estimate stability ín lighter conditions 
Witnout makine the programs much more complex. As a result, 
ballast was considered necessary for stability purposes in 
tighter than tbe full load condition. The amount of ballast 
which can be carried is determined by the amount of excess 
Volume available after all other volume requirements have 
been satisfied. Ballast does not enter the weight equations 
unse it 15 carried only in light conditions, Tf sud 
icient volume is available for ballast of ten percent of the 
full load displacement, no more ballast is added and the 
remainder of the volume goes to excess volume. If sufficient 
ballast ean be carriec, the effectiveness number is zero, 
and decreases uniformly to minus one at the point wnere 

no Space is available for ballast. The effectiveness number 


mer Dallast 


= i volume “aval ate oo 
volume required Lox a 


0 = Epallast 1 


The excess volume is included as a measure of the 


= 


eee 


— eee 
t 
Co 
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salvage mission effectiveness. For some Salvage assignments 





it is necessary to carry additional salvage equipment be- 
yond toe normal allowance of the ship. For such occurances, 
the extra internal volume would be required for vrovective 
stawage of the equipment. The effectiveness number for the 
excess volume is computed by dividing tae excess Volume) 
the volume assigned for salvage equipment stowage, or: 
Erolune = | aa me (19) 
Additional stability beyond that required, as measured 
by the GH, is also beneficial for the salvage mission, in 
that it increases the over-the-side heavy Lift capability of 
the tug. The effectiveness number is obtained by dividing 


the excess GM by the required GM. 


excess Gin ` 
ern ال‎ (20) 


E = required Gi 


stebility 
The effectiveness numbers were each multiplied by e 
normalizing factor in an attempt to equalize their Weight 
ma ube erfectiveness calculation. The normalizing factors 
were found by generating two hundred random designs within 
fee variable ranges and printing the resultat effectiveness 
numbers. For each measure of effectiveness, the arithmetic 


Fe 


mean of the numbers was computed and considered to be the 
expected value of that effectiveness measure. Tne normal- 
izing factors vere then computed by scaling the mean values 
obtained to the desired level. 

The endurance and towing pull were considered to be 


primarily measures of the towing effectiveness. The deck 


area aft is necassary for both the towing and salvage missions 





and, therefore, was considered mutually desirable for. both 
missions. Tne remainder of the effectiveness measures were 
assumed to be desirable for the salvage capability. 

In order to give equal weight to the towing and salvage 
missions, the two towing effectivenesses were normalized to 
a value of two sand one-half. Tne five salvage effectivenesses 
Were normualizeü to unity, and the after deck area effects 
iveness to one and three-quarters. In this manner, the tot- 
mee and Salvage Mission effectivenesses sun tO ea 
in addition, weighting factors can be applied to the effect- 
21791688 measures to put emphasis on specific requirements. 
These weighting factors are an input to the program. 

mae total effectiveness vi a design is computed by 
adding to ons hundred the sum of toe eight individual effect- 
lvenesses. Tae basic one hundred was arbitrarily selected 
tor addition to the effectiveness so that large weighting 
factors could be used without the effectiveness dominating 
the cost in the calculation of the cost-erfectiveness 


quotient. 





Results obtained from a number of trials are contained 
in this section. The runs were made using & combination of 
two required endurance ranges and two required towing pulls. 
The weighting factors were also varied to compare the effects 
that the weighting factors have on the Search. 

For:all of the runs the maximum shaft horsepower required 
was computed by the program. The towing pulls were selected 
so that in one case the required pull would be large enough 
so that the maximum power would be dictated by the towing 
requirement and in the other case low enougn so that the 
maximum speed of 17.2 knots would determine the power re- 
quirement. 

Als runs were made using five hundred search lonps. 


THis means that there was a maximum of twenty-five hundred 


<j 


aliid designs which could have been generated. Other design 
requirements common to all of the runs are listed in Table IV. 
The remark "sufficient" for the amount of ballast pro- 

vided, indicates that adequate volume was available for 
ballast tanks., The ballast tankage should Have capacit DE 
ballast water weighing one-tenth of the ship's full load 
displacement. Excess stability is computed by deducting 
one-tenth of the ship's beam from the metacentric height. 

A plot of the cost-effectiveness curve of run number 1 


is included after the tabulation to snow the general shape 


G7 une curves obtained. 





Table an 
Design Requirements 
Operatins Onaracterisviocs: 
Maximum Allowable Draft = 15.0 feet 
Speed Kequirements: 
Maximum speed = 17.2 Knots. 
propulsive coefficient = 0.680 
Endurance speed = 13.0 Knots, 
propulsive coefficient = 01750 
MOINS SPEEA = 7.0 knob 3 | 
propulsive Cost Telecine ao se 
Armament Requirements: 


Ammunition weight 11.20 9195 


Armament weight = 2.34 tons 
Ammunition volume = 500 cubic feet 


No restriction was placed on maximum installed horsepower. 


A penalty was assigned for excess endurance and excess 
teres pull in the effectiveness calculation. 


Search Requirements: 


First 550 loops updating exponent 
Meso - 117 10022 updauilbe expener: 
next 25 loops updating exponent 
Hem oops updating exponen 


H I 


b M 
u 


Nu etoecs Controllins Search: 


MÁíniuvm Maximum -Initiel 
Displacement 2000.000 2500.000 2277.500 
Specd-Longto R&tio 0,550 1.090 12055 
Beam- to-=Dreft 06 2,250 RASO 4.542 
Lenztn-to-Deoth Ratio 9.000 122000 12.500 
Prismatic Coefficiene Der, 0.650 0,542 
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Inpuv 

(1) Range, nautical miles 10000 usns 009, | 19008 | 
(2) Towing Pull, pounds No CO 
Design Variables: 

(3) Displacement 2559.7 دو دوه‎ 2202 
(4) VT 0.994 1.026 1. ت‎ 
(5) BT 5.095 3.698 48 
(6) L/D 15.85 le? UD 
WO Cp Em d 0.480 0.499 Dao 
Biíiecilvonesses: 1 eii 
(8) Endurance, eq.(12) me 5 |-.263 
(9) Tow Pull, eq. (14) 050 1 10.0 
(10) Deck Area, eq.(15) 9. 11 237 
oo) Bollard Pull, eq.(16) O. 1 10.982 
ete) Ballast, eq.(18) De AO 
(73) Draft» eq.(17) is 1 11.255 
(14, Excess Volume, eq. (19) 0.462 | 1 10.460 
(15) Excess Stability, ge 2.791 160 S 
(16) 3 E ooo رن‎ 114.562 | 106,012 
Costs in Millions of Dollars: 

B Acquisition Cost 9.580582 | 8.851829 | 8.528556 
(18) Life Cycle Cost 22.034591 201655 50 10 2773 
(19) Cost/Effectivenes 0101 OOO 0.1899 
Results: 

(20) Endurance, naut. miles 9891.9 9810.2 COT 
ES Tow Pull, pounds 152000. 155060. eC. 
(22) Deck Area Aft, sq. ft. 4895, 4479. en 
(23) Bollard Pull, pounds 87456. TION SO 
(24) Ballast sufficientsufificientsufficient 
E Draft, feet 13.20 12.92 jos 
(26) Excess volume, cu. ft. 20434, 8652. 5619. 
(21) Excess Stability, feet l 23.22 13.89 S 
O articulars: má 

MES) L-B.P., fect 299.20 281.23 281.53 
(29) Beam, feet 49.05 Afo 15 
wo) Draft, fcet نت ونا‎ | 12.81 
(31) Depta, feet 210 20.49 20er 
(32) Cp 0.480 0.499 0.523 
N25) C OE ا‎ 0.951 
fo) Cb 9.459 0.475 0.498 
E Ov 0.00534 | 9.00371 | 0.00355 
(30) Cup OI Cay 2s G2 (26 
(37) Maximum SHP 3498.3 3488.5 2482.1 
(35) Towing EHP 603.9 664.2 ELA 
(39) Wetted Surface, sq. ft. 1226 1223107 12121..2 
140) Total Yolune, e, cúbic Feet | 21 ۷1 لات ث اا‎ 186604. _ 
DIOE: 

E) Off., OPO, EN »5+64=75 18.+4459=69 co |a. ا‎ 
Program Cüformation: 

(42) Des Eva x. 20 14392 1475 Nr 1497 
(43) Sumbor oF Taprovements | e7 ۵3 j _ 
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input: اس ې‎ sa 6 6 

(1) 10000 10000 8000 8000 
2 _  J15300  |153000 |153000 | 153000 
Desiga Variables: | | 

(5) PE 2500 

(4) ¿026 1.022 

va) 3.698 E 

(6) E DNE 

11 UT له‎ | 

ER CCOLIUSHOGSSS efi ۲ : 
(8) 158 5 25 
(9) 0 1 

(10) 679 1 110228 
(11) 983 1 .983 
(12) 0 00 1 

015) 2 1.482 | 1 

(14) 5 09555171 

NS) 72. OPE = 

(16) b TS £" 

Costs: 

(17) 8.500536 | 9.343431 
(18) Art 21.598160 

EOD 000 0.1818 | 0.1888 — 

Results | 

20) 9895.8 7589 .0 8013.2 
Ci) 153000. | 153000. | 153000. 
(22) 4488. 4275, A. 

(23) UT cO 87105. 87265. 
(24) sufficlcnüsufflcienisufficientsufficient 
(25) 12.92 om m 12.41 15.62 
(26) 8652. 9924. 1589, 16976. 
(OT) 8990 1324 lab 1 
Ship Particulars I 
(28) 281.2 202.00 276.22 288.48 
(29) cum AS 46.41 47.10 
(30) 12.92 12,80 12.41 13.62 | 
(31) 20.49 20.40 19.86 22.35 | 
(32) 0.499 0.592 0.517 0.488 
(33) 0.951 0.952 0.950 0.954 | 
(34) 10.475 0.478 0.491 0.466 | 
(35) 0.00371 | 0.00367 | 0.00371 | 0.00359 
0656: ) Oster 0.724 ت0‎ Os 
(37) 3488.5 5488.9 2484.2 3490.5 

( 58) 664.2 i | De | 
(29) 12431. 

(40 191412 

Crew: 

(41) _ _ ٣-2-69 


Program Information: — 
E | 


4 j 
] tr 
45) ee u hg tie ET 7 BIR ALA وم په سه‎ EE yq D 3 Dog Cn Ie n i سو سي‎ Ua ae 






























iii E وا سوا‎ O - Mu 
(1) 8000 8000 10090 10000 
ee ٢٢٧٧ 123000 _ 900" 123000 123000 
Design Variables: | 

t2.) 2260.7 2171 2206.2 

(4) 17088 ta n 1.024 

2) 3.599 3.239 els 

(6) 15.40 a 14 13.04 

(7 OAC O 2 س‎ 
HFTectivenesses: wt 607 eff lw 

(9) 1 |-.096] 1 | -.003 -.285 

(9) 1 i1000 5 sS 1440 

(10) 115.665 1 1 5 1223585 

fei 1) 1 O GS S 1171 emer 0,975 

mi) OR 1 10.0 0.0 

iei ^) 1 (UU 12941 1 cM Dd 

(12) 110,235 NIS 1,198 

(15) 112.295|1Jo.231]1 l0.251 

ee) | 100.902 971717 105, on 

Costs: 

(17) 8.575994 | 8.238901 | 8.285319 | 8.647259 
(18) 20.166489 119.189117 119.346024 120.141754 
tios foie 6:4 ۱1٠۰186١ ` | 011955 
Hesults: : 

(20) 1949.1 Hc 2962.4 9960.4 
(21) 144279, | 133066. | 139297 158692. 
(22) 4286. 4965. 4069, 4295, 
15) 02465. 16154. (97357. 179475. 
(24) suzfickentsusfioiontsufficientsufficie ent 
(25) 13.04 13.31 | 11.99 

(26) LAO. 2921, | 22462. 

. 1|22 e a 
Ship Particulars: 

(28) 274.68 275.98 282.36 | 
(29) 46.81 45,10 43.23 

(30) 13.04 1° 11.99 | 
(31) 20.50 gu 20.41 | 
(32) 0,49 0.506 0.555 

E) orca 0.949 0.952 

(54) 0.472 0.480 0.528 

(55) 0709382 0.002092 em 

(36) 0.723 0.724 0.731 

Tt) E 5045.2 IO) 

(38) Di 609.5 627.0 

(59) 12006.5 | 11699.5 | 12029.9 

(40) _| 182319, | 174600. | 195861. 

Crev: | 

jo+4+50%‏ 1524454=63 23202 څې AE [Dr‏ لا 
Prosrem Informatio i | |‏ 

(40) 1546 1585 | 1514 

eo. 1 L3 M BEU UU EE: 
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IV. DISCUSSION OF RESULTS 
fhe use of high weighting factors in the effectiveness 

calculation, as in design number one, masses une O a O 
optimum design more sensitive to the effectiveness than to the 
cost. This is exhibited in designs number one and two where 
the relative Weights of the effectivenesses to each other are 
the same. The higner weignts cause the range of the effect- 
iveness sums to increase while the range of the costs do not 
change. 


Putting @ larger weighting factor on one of the ٢ سا‎ 


messes than on the others did cause the desis = cerecied 
as the optimum to improve in the more heavily weighted efir- 


ectiveness vnen compared wita a run wWnere it was not empnasized. 
An example of this is design number three in which the en- 
durance more closely approached the required ten thousand 
Wile endurance than it did in run number two. 


An examination of designs numbered ten and eleven in- 


لای 
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dicatés that penalizing the effectiveness for exceeding ihe 


requirements 1S not justifica in these designs a penalty 


A 


mes essisned for exceeding th®ir required towing pull or 
124,000 pounds, Both designs exceeded this amount; end, 
@esien tenu sligntly more inan design eleven. However, design 


ten appears more attractive in terms of what it provides 


than does design eleven, and at a cheaper price. 


ct 


From an examination of the eleven desisns. 11 appears 
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by deck area aft was too large. As a result, when attempting 
to drive some of tae effectivenesses to zero, the deck area 


^ 


effectiveness overpovered the total effectiveness calculation 
and the desired result was not achieved as well. The program 
Found it easy to increase the effectiveness more readily by 
increasing the length and beam of the Ship, which increases 
mae deck area, than by forcing, for example, the ün 
effectiveness from a negative fraction to zero. Since the 
Sap dimensions increased then, so did the cost, Desin 
number Seven is & good example of this occurrance. While 
the endurance did approach the required eight thousana miles, 
the ship increased in Size and cost over design number six. 
Designs six and seven point out another fact. If tne 
weighting factors used in design Seven are applied to the 
effectivenesses of design six and the cost-effectiveness 


e 


quotient computed, design six is superior to design seven. 


moos means tnat had the combination of variables or design 
Six been found during the search in design Seven, an irme- 


^ 


proved ship would have resulted. 

Bollard pull effectiveness remained approximately 
eensvent for all eleven designs and, therefore, eriectively 
did not enter into the computations. This seems to indicate 
that the effectiveness parameter associated with bollard 
pull need not have been considered. 


The ability to determine the sensitivity of the cost 


to changes in the effectiveness requirements is hampered 


نل کچ 
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in this method Since all of the effectiveness measures 
collectively cnange from one design to another. It would 
be desirable to be able to determine a Fee LES no M 
to one parameter while holding 3811 ER Po E 

Figure IV is a plot of the cost Versus cCilectiveness 
curve and of the cost effectiveness quotient versus efiect- 
iveness for design number one. It does not exhibit the pro- 
perties of Figure 111 because of the randomness of the de- 
Signs generated. It is also limited because only designs 
Which had lower cost-effect quotients than the previous 
best were printed out and hence available for plotting. 
It appears in this case that tne true minimum was not 
reached in the cost effectiveness quotient since the quotient 
plot does nov have a zero slope at the final design. Also, 
the slope of the cost versus effectiveness curve does not 


equal the value of the cost 


p~ 


effectiveness quotient, 





V. CONCLUSIONS AND RECOMMENDATIORS 

The optimization criterion selected, minimizing the 
cost-cifectiveness quotient, was valid. The results dis- 
played the trade-off in cost for er ee O 
iveness for cost throughout the design evaluations, in 
attempting to get the greatest effectiveness per dollar. 

Five hundred search loops for the random search was 
1 1601316 as shown by designs six and seven. The s 
of design Seven was not intensive enough to find the number 
six design variables which would have resulted in an in- 
proved ship. An increased number of loops would allow a 
more thorough Search of the design space. 

A systematic (parametric) search of the space would 
probably be more exhaustive. The problem here, however, is 
that the number of trials would have to be very high in 
order to provide a fine enough grid of the space. Since 
the total number of combinations for this type of search is 
the product of the number of increments of each of the par- 
ameters, the total number of trials grows rapidly. For tne 


ranges of Table IV, incrementing the displacement by twenty 


(D 
(m 


tons, the speed-length ratio by two one~hundredths, the beam- 
to-draft ra:io by one-tenth, the length- to-depth ratio by 
See-nalf, aud the prismatic coefficient by one-tenth for a 
systematic search results in almost one and one-half million 
combinations. This corresponds to approximately sixty 


“thousand random search loops if five attempts are required 


Al 





for each Sampling cycle. Search time equivalence would pro- 
bably allow in excess of one hundred thousand loops in ine 
ransom search, Five thousand random Search Loops would pro- 
bably provide an adequate search of the Space. 

Tne method of measuring the individual effectivenesses 
were not, in all cases, adequate. Penalizing or giving 
credit to an effectiveness measure for exceeding the re- 
quirements tends to distort the results. This was displayed 
when attempting to provide 123,000 pounds of towing pull 
when excess towing pull was provided due to the powering 
requirement. 

An improved method would be to be able to specify re- 
quirements for the effectiveness measures, penalize for 
failing to reet the requirements, but giving no credit, 
an ber positive or negative, for exceeding the requirement. 
jor measuros which it would be desirable to maximize or 
minimize (e.g. ship draft, internal volume, etc.), measures 
of effectiveness of the form of equation 17 would be nec- 
essary. Decreasing the ship drafts for example, in the 
salvage tug, allows the tug to operate in more restricted 
waters. Giving additional credit for a shallower draft 
wuld be justified, and the design Searcn Would attempt to 
Minimize the draft without sacrificing too much cost. The 
amount of cost which the user was willing to sacrifice would 
be determined by the weighting factor; the higher tne 


Meientiig factor, the more cost Would be sacrificed. 





An alternative approach, and one which would aid in 
the determination of the cost sensitivity to mission re- 
quirements, is to conduct a systematic (parametric) search 
by varying the mission and effectiveness requirements in- 
dependently while using the exponential random search for 
ine design variables to find the optimum design for each 
condition. In this approach, the effectiveness factors 
would have to be calculated in such a manner that the 
eifectiveness would be maximized by all requirements being 
exactly met. 

This approach does have its shortcomings, however. 
Deet, it suffers from the rapid growth of the number of 
combinations in a parametric search. AS an example, if the 


ilast effectiveness measure were removed by now accepting 
Ships with insufficient volume for ballast, aná neglecting 


few oollard pull effectiveness, leeving Six measures for 
which three values of each reauirement were to be tried, 


} ` ` ao As ° ° 5 
there would be 3%” conmbinations. This would result in (22 


random searches to find the optimum snip for each requirments 


EsubinationS$. Secondly, actuelly determining tne cost son: 
Sitivity to changes in the requirements would be difficuli. 


1 


As one reaquircment were altered over a range vnile ali 
of the other requirements remained fixed, it would be a 
ENDDIe matter. If sensitivity of several of tne requirements 
are desired, however, the inter-relationships become more 


7 y 


complex. Consequently, deciding exactly which measures th 
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costs are sensitive to becones more die 
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Details of Programs 
This appendix describes the programs by briefly 

describing the operations being carried out within the 
"boxes" inserted in the program listings contained in 
Appendix FE. Each box contains a set of calculations or 
Manipulations which would appear in a flow chart. 
I. Main Routine 
Box 1 The input subroutine is called which reads the 

input data and prints the first page of tne 

progrem output. 


Box 2 Variables are initialized in this box. as is 
the random number generator. 


BOX 3 The random search loop counter is established 
LOS DOL. 

Box 4&5 A check is made in thi 
tne random search 86 

on. 


S box to see vaat value 
A i 
U 


ing exponent is to take 


Box 6 The index of the random variable to be updated 
iS controlled by this box. The value of the variable 
being updated which À the last satisfactory 
design is stored as ASAVE in this box. 


Box 7 Tais box conteins the counter of the number of 
attempts made in order to get a complete sampling 
cycle by a rendor variables 

Box 8 The random variable is uvdated in this box. A 
check is made to see if the newly selected value 
of the variable lies within the specified minimum 
and maximum values oí tne Variable lso. 1 it 
does not, a new value 18 Selected. If it does, 
control passes to box 95 


Box 9 The ship dimensions and coefficients are computed 
in this box. Depending upon the variable being 
updated, only certain of tne dimensions need be 
recomputed. Tne deSicn subroutine is then called, 
anà Yoon rYetüru & Cucch 15 made vo deteruwine if tne 
(sica ves setiaiacuorís 





Box 10 The cost and effectiveness subroutines are called 
in this box, The counter for suecessiul desiens 
is incremented if no error resulted in the effect- 
iveness subroutine, and the new cost-effectiveness 
quotient compared with the previous best to deter- 
mine if the new is equal to a better than the old. 


Do 1 For each cost-effectiveness quotient which is equal 
to or better than the previous best, the value of 
05111 is changed to the quotient just found. The 
output subroutine is then called to print the inter- 
mediate output for the new design, after which the 
values of the random variables are saved in the 
array AB. 


Fox 12 If an unsuccessful attempt was made to update a 
random variable five times, the value of that 
varlable which last resulted in a successful 
design is returned to the variable. The ship 
dimensions and coefficients are then recomputed 
Since they will have been changed during the 
attempt to update the variable. 


2 


BOX 15 OL ea, 


Box 14 inis box is used in determining 1f ea succes] iui 
desen as reached IU ۹16 11 ل۱‎ om 


ox 15 Tais box is the location of the completion of 
the random search. 


Bos 16 The design which yielded the best solution is 
recomouted in this box so tnat additional in- 
formation about it can be output. 

Box 17 The output information of the ovtimum design is 
printed when the output subroutine is called. 


2. Input Subroutine 
The input subroutine reads in the Taylor residual 


resistance coefficients for the powering subroutine end 


(D 


the program input date. The subroutine then prints a 
page of output which lists the input design requirements. 
5. Random Number Generator 


» y Y” "3 ^ cT US m cae beat te Dia په پس مله پا م وی ی هم‎ C ny” 2 سي‎ T 
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numbers 


which Lie between the limits of zero and one for 


use in the search updating mechanisn. 


4. Deslen subroutine 
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Box 


BOX 


BOX 


Box 


BOX 


BOX 


BOX 


Box 


Box 


Box 


1 

2 
26: 
5 

6 


10 


11 
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14 


Tae error code iS Pnitsaligeae 

The cubic number of the design is computed. 

Not used. 

The type of powering calculation ls dete riei 
when an input power is not specified, control. 
passes to this box. The shaft horsepower required 


for the towing condition and for maximum speed 
is calculated. 


The program chooses the maximum of the powers 
calculated in Box 6 as the required installed 
power e 


fhe shaft horsepower necded for the endurance 
speed is calculated and then tne towing pull 


¿power available is calculated, 


If the installed power is Specified, control 
passes to this box. Here the power required for 
ine endurance speed is calculated, and a check 
meade to determine if this power exceeds the in- 
stalled power. i it does, an error is detected 


aNd 0111701 passed to Box 22 


D 
Ü 
td 
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The actual towline pull available i 
after the towing povier is determine 


Toe light Snip weights are calculate 
weight group and the Light 8 
determined. 


Im ia 
E 


TAC ULL load displaceneni ti m m cae a O 
the weight of crew, provisions and Stores are 
computed. 


The margins are computed and tne full load dis- 


EI 


placement with margins computed. 


puted by deductin 
to this box fr 
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BOX 


POX 


Box 


Box 


Box 


Box 


Box 


p 


18 


19 


20 


1ے 


eftor 2103163564 15-7771 
Not used. 


The total internal volume is estimated by scaling 
up the gross bale cubic by tne square root of the 
total midship section area divided by the water- 
line section area. The superstructure volume is 
then added to tne hull volume. 


The volume requirements are determined in this 
box, volume allotted for ballast and the external 
volume computed. 


Toe stability is computed here and the excess 
GH determined. 


The actual endurance which results from une amount 
of ruel carried and the power requirements is 
computed. 

thes eotlard pull in pounds i Ti Ure a 


Tne square footage of clear aeck area aft is 
determined. 


5. Cost Subroutine 


Box 


BOX 


BOX 


BOX 
Box 
Box 


Box 


1 


ابا 


LOU A EN 


Poe acquisition costs of the Standard navy ات للا‎ 
Groups are computed using tae cos estimen nes 
lations and the computed Welgnt group veignts. 


سا 


A percentage is added for tne cost ori p + 


A percentage is added for desien zmezeen ua 
costs. 


An allowance is made for price escalation. 


Profit is assumed to be seven percent of the 
preceeding cost. 


An allowance is added Tor chen 
A post-delivery allowance is added to the cost. 


& percentare is added for quality assurance. 





Box 10 The annual cren Wages are computed in this ox. 


Box 11 Maintenance and repair costs are computed. 
Boz 12 The present value of twenty-five years of main- 


tenance and repair costs is conputed un sr pi R 


Box 13 Toe present value of the 11110) ole LL 
computed. 


6. Effectiveness Subroutine 
Box 1 Initializes tne error return code 


Doo 2 Calculates the values of the eizht measures of 
effectiveness. 


Box 3 Determines if penalties sare to be assigned for 
endurance or towing pull depending upon the input 
value of tne effectiveness mode indicator. 


Box 4 The effectiveness is calculated. 
Box 5 The cost-effectiveness quotient is computed in 
in] Dox. 


|| Porerine Subroutine 


De povering Subroutine is the same es (nan) Boca 


N 


reference (9) and is based on Taylor's Standard Series, 
reference (11). 
8. Output Subroutine 

The output subroutine prints tne output of the prograz. 
If no initial, Seasibie solution is found it prints non- 
Zero values of the variables which were calculated so that 
E -c0user can determine the proper course of action to take 
to obtain a feasible solution. For a complete run, the 
lt Subroutine prints a page of output for each improved 


or equally cost-effective design walch occurs, Upon 





Details of Calculations 

ieee Oo Routine 

The details of the main routine were given in the pre- 
ceeding appendix. The dimensions and cocfficients are 
computed in box sixteen of the main routine. The midship 
coefficicnt is computed using a formula presented in ref- 
erence (13). The minimum allowable freeboard is based on 
& curve presented in reference (18). ‘Tne remaining dimensions 
and coefficients are computed using standard naval archi- 
Wetcture relationsnips and equations. 
2. Design Subroutine 

The design algorithm contains the mathematical model 


of tne salvage tug. It first computes tne weights of the 


et 


seven standard veight groups, the weights of the provisions 


<o 


aña stores, ihe margin weignts, and the fuel Weignt. The 

1 nal volume aveilable is then approximated ana tne volume 
requirements computed. The stability, endurance range, 
Dollard pull, and deck area aft are then conputed, 


The seven standard weight groups are estimated by 


using curves fitted through data points provided by rer- 
erences (4), (5), and (17), and reference (21) in the 
case of weight group one. The sum of these weight groups 


ie ene Light ship displacement. 


Tho crew size is roughly approximated by assuming a 





in the equation were determined by using the data for the 
ATS and the FYOT ATH design. While not very refined, the 
equation proved adequate. Of the crew, 8.4 percent are 
assumed to be officers, 6.4 percent are assumed to be 
chief petty officers, and the remainder are assumed to be 
enlisted hands. 

Tne weights required for crew, stores, and repair parts 
are based on data in the weight statements of references (5) 
and (17), and reference (2). Tne salvage weights were as- 
sumed to be the same as provided for the ATS design. 

The margin weights are taken as & percentage of the 
light ship displacement in the same proportion as they were 


2 + 


in the ATS design. Tne margin weight totals seven percent 


P 


of the light ship displacement. 
The Weight available for fuel is computed by finding 


the excess weight between the weight sum, PLDIS(2), and the 
Mando variable ship displacenent. 


Tae internal volume of tne hull 1s computed by scaling 


de 


the gross bale cubic of the null by the square root oí the 
midsnip section area to tne main deck divided by the midship 
section area to «Ihe waterline. This method was arrived at 
after several otner methods were investigated to suitably 
approximate the volume of the ATS-1 hull. The ATS-1 
volume was determined by integrating the body plan section 
cas, The ATS-1 has 2 raised deck for tne forward nals 


at tne lenstn of the ship which made approximating the 


Sur? 





volume difficult. The superstructure is assumed to contain 
two deck, the upper one six feet less wide than the lower, 
and both one-quarter of the length of the Ship long. 

Engineering Space length is computed by adding the end 
clearances allowed in the ATS design bo ine encino a m 
While diesel engines come in discrete lengths, an exanin: 
ation of reference (11) showed that due to the variety of 
engines avallable from the several manufactures, the length 
mola be considered aS a continucus iunction Lor purposes 
of approximation. Fairbanks Morse engines were used to 
construct the length equations. 

The volume requirements for the provisions and stores 
eee COMPULCd Using stowage factors provided in reterence 
(5). The vclumes required for the crew's habitability 
spaces are computed uSing the guidance of reference (23). 
fhe remaining volumes are estimated by relations developed 
after conducting a volume analysis of ihe ATS-1 design. 

5. Cost Subroutine 

The basic ship cost is computed using the cost 
FE ımatsins relations listed iu Table III. To the base 
price, the following cost percentages are added: 


E. rgin 1% 
Design end Construction 8% 


C O| LIon 5% 
Profit 7 
Change Orders 1% 
Post Delivery Expenses 3% 
Quality Assurance 1% 
Shock Requirements 2% 


m 





The acquisition cost is the cost which results when toe 
above cost percentages are avplied to the basic cost as 
outlines in reference (1). 

Tne annual crew wages are computed using the annual 
Mee listed in table III. These ficu C Too mm 
evproximations Which are to include annual pay, Subsis- 
tence, and the pro-rated cost of the Supporting naval 
establisnment. 

The annual maintenance and repair costs are estimated 
mame equeation derived from the curves Oa Pisure 30 2 
reference (3). The costs predicted by that figure have 
been increased by twenty-five percent to make allowances 
for a diesel engine propulsion plant, and also upgraded 
at four percent interest to make allowance for cost in- 


creases Since reference (5) was published. 


wl Qe 





APPENDIX C 


re بس ېي‎ Q «٢ ېټ‎ 


Program 8۹۳١٣ ٢٠٢ 


The following is a list of the variables which appear 


in the programs. Numbers in parenthesis following the 


variable names indicate the dimension of the veriables. 


Names listed under the heading "program" indicate that the 


variable is calculated in that sub-progran. 

VARIABLE PROGRAM REMARKS 

AN DESIGN Tne area of the midships section 
of the underwater body at the full 
load displacement. 

AMI DESIGN The area of the midships section 
to the main deck intersection at 
Side. 

AN INPUT The floating point representation 
of the specified numrer of loops 
which tne search is TonTon اا‎ 

ARMINI A program input which is the 
Weignt of the ship armament in 
tons. 

B MAIN fhe ship beam in feet. 

ii DESIGN Metacentric radius. 

BMARG DESIGN Toe builder's margin which is 
taken as one percent of the lignt 
ship displace m eines 

BOLPUL IES IGH The bollard pull developed. 

BHO DES IGN fhe beam required in order to be 
able to fit four diesel engines 
abreast 

CANDE DESIGN The weight in tons of the ship 
officers, crew and effects. 

CB HAIN foe block coefficient. 





VARIABLE 


CDT 


CHILL 


CHGS 


CM 
CPO 


CR(6210) 


CSTAR 


HE وو ولوا و‎ . 
C5 13 mp 


PROGRAM 


DESIGN 


De i i = b. | Ar 
DESIGN 


DESIGN 


MAIN 


DESIGN 


COST 


REMARKS 


A number used in calcular uU 
provisions required ior the crew 
for sixty days. 


The Weight of chilled stores 
required or toere 


A Weight allowance for change 
orders which is taken as 1.2% 
of the light ship displacemenu. 


The midship section coefficient. 


Tne number of chief petty officers 
which is computed as 6.35% of the 
crew size. 


88717 


ii array Cont nin 
ta, The date 15 S 


resistence da 
program input. 


The required number ofl Versender 
10 ele. 


(1) The acquisition cost. 

(2) The annual crew wages. 

(3) Tee annual maintenance and 
17605311 Cossus, 


Interim value of tne accu siren 
cost. Contains life cycle cost 
upon completion of the subroutine. 


La = D A d. ray QU mort 
ne valte oT ze aaa Bu 
1 


$ 


í á construction costs 
he seven navy Weigat groups. 


the ship's cubie number. 


The volumetric coezrricient. 


ren re ERI V ^ 1 : El duy 
"The deptn or the hull at tne 
miGship section. 





VARIABLE PROGRAM REMARKS 


DIESEL DESIGN Toe required pover output 1007 en 
of four installed diesel engines. 

Dis An input specifying tae required 
endurance range of tae tus: 

DK A FT SIGN Tae deck areaali oT E 
machine. 

DMARG DESIGN The design margin which is assumed 
to be 4% of the light ship dis- 
placement. 

DRT DES IGN The weieht omary pro Vor 
reguired TOL 11 717800717 

E(O) EFFECT The measures of effectiveness: 
(1) Endurance 
(2) Pulling power 
(3) Deck area aft 
(4) Bollard pull 
(5) Ballast 
(6) Draft 
(7) Excess volune 
(8) Excess stability 

LES EY PEOL Tne relative efrectivenoss of the 
design under 07 11 1 ( 

EHP POWER The effective horsepower of the 
tug at the towing speed. 

ELNSTS DESIGN (he WelLent 01 1:170 DR Oo 
QUU 

ii DESIGN The number of enlisted men in the 
cuan. 

LB DESIGN One hundres 210 five percent of s 
in the crepe 

EN DUK Drs led Tne actual encurance range real- 
ized vith the weight of fuel 
allowed by a design. 

ENGL DESIGN The length of one or ihe four 
diesel engines in the propulsion 
plane. 

LNGSPL JESIGÄ Tne required lengta of ino eng- 
Lueerinc Soas k 





VARIABLE 


FBDACT 


FP SDMIN 
FLDIS(2) 


FOAM 


FREEZE 


FULLWT 
GALLEY 


GAS 


GENSTS 


PROGRAM 


MAIN 


MAIN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 
DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


MAIN 


INPUT 


REHANKS 


Tae actual ireeboard resi no M 
the full load condition. 


The minimum allowable freeboard. 

(1) Full load displacement with- 
out margins. 

(2) Full load displacement with 
margins. 

The weignt of salvage foam carried. 


The weight of frozen food required 
for the crew. 


The weight of fuel. carried. 
Tae volume required for cock P لت‎ 


The welght of the compressed yeas 
Carr icc: 


The weignt of the general stores 
required, 


The weight of the government furn- 
ished material not woe eco oe 
weight groups. 


the resulting metacentric Mewes 
of a design. 


Toe required number of 


the crew's sanitary spa : 

An index used in updating the 
Values of the random variables. 
An integer Wo o oe DI RE 
arrays. 

An inte er UOT TUDES URE 
value of the ra ndon variables 
which yielded an improved sol- 
ution: 

The number of loops Which will be 
searched at each of tne four up- 
dating exponeatas. 





VARIABLE 


Il 


I 


ES 


K1 


LOA DS 


M 


VEXP (4) 


MODE 


MO DEP 


NCPO 


NEM 


NEB 


NIRK 


PROGRAM 


e UL 


INPUT 


MAIN 


MAIN 


DESIGN 


KATIN 


DESIGN 


DESIGN 


REMARKS 


An index used in reading input 
arrays. 


PO 


An index used in computing t 
values of IM. 


e 


An index used in establishing tae 
array ii P, 


An indez used in establishing the 
array Yo 


The number of successful designs 
evaluated. 


The random search loop counter. 


The weight of the consumables plus 
the salvage equipment. 


The value of the exponent for the 
random search updating mechanism. 


The input values of the desired 
updating exponents for the random 
searcn. 


An input which effects the calcu- 
rat ion of. EFF. See User Instruc- 
tions for use, 


An input waieh specifies the type 
of powering calcular tonces de 
See User Instructions for use. 


The reguired number of loops 
specified as an input. 


The integer number of chief petty 
officers in the crew. 


Tae integer number of enlisted 
men in the crew. 


The integer number formed by 
increasing KEM by five percent. 


An error flag used in the subrou- 
tines to indicate tnat the design 
does not meet the specified 
requirements. 





VAR ALA B A BLE 


NLAV 


NOF Y 


NUR 


NEC 


N1 


OLLLUS 


PANTRY 


PO (5) 


PROVS 


REPSTS 


RKB 


EKG 


DALVG 


3G 200 


PRO GRAM 


DESIGN 


OWI PUT 


DESIGN 


Dio IGN 


REMARKAS 


ardt, ap pump ur مو‎ 


The number of lavatorics required 
for the crew wash rooms. 


The Integer number of oifice Ri 
the crew. 


Tae number of Showers required for 
the crew. 


The number of urinals requis case. 
the crew. 


The number of water closets re- 
quired for the crew. 


The type of output data: 
1 output for no solution 


ft ii 


2 intermediate improvement 
output 
2 [inal oop 


The number of officers in the crew 
represented in flostins porn hp o 
tation. 


Tae requi 
or u 


Y C ON ¡eight of lubricating 
01 7٣ ٥ 


engines. 


The volume required for the ward- 
room pantry. 

The specificd values of the pro- 

pulsive coefficients for tac ora 
ing, endurance, and full Speeds. 


The relgntú Of ONE DOL OD = 
quired for the crew. 


The weight of the repair stores. 


The height of the vertical center 
of buoyancy above the base. 


The height of the vertical center 
of gravity above tne base. 


The ٧618117 01 la caca 


Tae weicht of the electrical power 
generation cgun 


سا سا سه 





© ie eg tun sm s 


5G3025 


SG 5501 


TPST 


SHP 


SHPEND 


SHPINS 


SIoMED 
EIS 


PROGRAM 


DESIGN 


DESIGN 


DESIGN 


POWER, 
DESIGN 


POWER, 
DESIGN 


POWER , 
DESIG N 


TOKER, 
DESIGN 
MAIN 


DESIGN 


DES 2 IGN 


REMARKS 


The weignt of the power distribu- 
tion switchboards. 


12186-61801 01 1 11414117 ed 
power distribution system cable. 


The weight of the electric plant 
repair parts and tne generator 
o 


The weight of the Ship store 
stores. 


The maximum lnostelled horsepower 
PGi) oa ees ven. 


The shaft horsepower required at 
the endurance speed. 


The value of the maximum shaft 
horsepower if the power is an 
input. 


Toe shaft horsepower required at 
the maximum speed. 


The Shaft horsepower required for 
the towing condition. 


The ship Length between perpen- 
03161147 


The weight of the small stores 
CALICO, 


The breadth of the lower supex- 
Strocture udo 


The breadth or the upper super- 
Structure deck. 


The sum of tne general stores, 
electronic stores, and the repair 
stores: 

The weight of the medical stores., 


The sum of 56700, SGSQDTTERM 





VARIABLE 


L 
TEMP 


TIKE(4) 


TOWPOW 


TOWPUL 


TOWRED 


VAMHO 


VBAGS 


VBAL(2) 


VBERTH 


VOnlLL 
VCOS 


VCPO BK 


VCPOHD 


VOPOH 


PRO: Quia. a 4 


MAIN 


DESIGN, 


CONT 


E 


DE I LG GN 


ES IGN 


DISIGN 


ReMAnKS 
The draft of the tug in feet, 


Used to store an intermedia 
arithmetic result. 


The fraction of the total number 
of search loops to be spent at 
each of the four updating expos 
Hento 


An input which limits the maximum 
value of the ship's draft. 


The equivalent horsepower of the 
input value of the tow resistance. 


The actual amount of towing pull 
power available from the power 
plant selected. 


The required towing pull of the tug 
in pounds. 


An input which specifies the amount 
of internal volume required for the 
ship's ammunition. 


The volume required for tne crew's 

baggage 6۰6 

(1) fhe required volume for the 
ballast tenkage. 

(2) The excess volume beyond that 
Which i1S nm E COT 


Tne internal volume Tecuired loz 
cres bertaing spaces. 


Toe volume required for CHILL: 


The volume reserved for tne 
Commanding Officer's storeroon. 


The volume required for the chief 
petty officer bunkroon. 


The volume needed for the chief 
petty officer's sanitary space. 


fhe volume regum ed Lor (he emer 
petty officer messroon. 


-~ 5ST 





VARIABLE 


VDIVSH 


VEMBR 


VEMHD 


VEMM 


VEAN 


KERZ 


VrUbL 


VG DT £ 


VHD 


VATS 


VLIQ 


VLARS 


VLUBE 


VHACH 


PROGRAM 


D 


Ej 
C) 
ېسا‎ 
fep 
z a 


ts) 
ts 
U 
لا‎ 
E 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIG 


Dis IGH 


REMARKS 
Toe volume of the diving shop. 


The volume required for dry 
provisions: 


Tne volume roouired by the cleci- 
ronie stores 


The volume of the enlisted men's 
bertning spaces. 


The volume of the enlisted men's 
sanitary facilities. 


The volume required for the enlis- 
ted men's mess. 


The volume needed for fan rooms 
and uptake spaces. 


The volume reguired by tne virozerm 
foods. 

The volume needed for thomo oraret 
01 ein. 


The volume required for the general 
stores stowage, 


The volume required for the chein 
locker and Windlass room. 


The volume required for the san- 
itary spaces on the ship. 


The input whicn specifies tno 
required endurance Speed. 


“he volume of tae Liquids which 
are carried by the ship. 


The volume of the foul we 
deck gear, and cleaning 8 
Lockers. 


11101 تت‎ 7 
car 


The volume required for stowage of 
the lube oil. 


The volume required for the main 
and auxiliary machinery spaces. 


0: 





Van is BUS 


VMAZ 


VMED 


VHESS 


VHISSH 


VOFFCS 


VOFFHD 


VOFFSP 


VOPESK 


VOL 


VOLRIO 


VOPSO 


FU 


VPASSG 


VREPST 


VRTXOE 
VSALSH 


VSALVS 


VSERVS 


PROGRAM 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


REMARKS 


The input value o£ the maximum 
shio speed, 


The volume required for ihe stow- 
asc oi the medical stores: 


The volume needed for the crew 
messing synaces. 


Tne volume required for the repair 
lockers, 1.C. end gyro 0 ue 
M/G room, machine shop, carpenter 
Shop, and fitter cleanine shop. 


The volume needed for departmental 
and executive office spaces, 


The volume for the officer's 
Sanitary spaces, 


Toe total volume required for 
administrative and operational 
spaces. 


`Y 


ne volume required for the officer 
t&a&teroons. 


m 
1 
S 


The total internal UO 
able oni tner snin. 


The total volume required for all 
purposes. 


The volume needed for the operation 
department spaces. 


ine volume reserved Do DS 
ways througnout the ship. 


The volume required for the repair 
SUOL Cs. 


fhe vertical moment of all weights. 
The volume of the salvage shop. 


The volume requsred Tor the Salva 
SOL tas 


The VOLUMe OF “Gio Siite serve. 
DOO 


~59- 





VARIA Bis 


VSHLST 


VSTRGR 


VHATER 


VWINDL 


W(8) 


WATER 


WETSUR 


WEANLO 


PROGRAM 


Clee AT A 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGN 


DESIGEH 


TA Tale ^ pon Y C 
Po Iu A mr MJ 
شتو هی‎ e AAN co» 


The volume oí all o chez za 


Tne volume required for the snip 
Stores. 


The volume reguirca Lorm n E ca 
bay and sanitary Pace; 


Toe volume required for ¿n O s nn 
stores stowage. 


The volume required for tne steer- 
ing gear room. 


The internal volume required sor m 
stores excluding the salvage stores. 


The input which specifies the 
desired towing speed. It is the 
speed for which TOWRES must be 
computed. 


The fresh water tankage volume 
required. 


The volume required TOL e DP 
Windlass room. 


The weignting factors for the ef- 
fectiveness calculation. These are 
input data. 


The weight of fresn water required 
cor the "ship. 


The vetted surface of the ship's 
11! 


The weight of ammunition which the 
ship must carry. This is input data. 


The Weights of the seven standard 
navy weight groups. 


The ligat ship displacement witn- 
out margins. 


The light shivedisplacenen pu 
margin weights. 


E 





VARIABLE 
XB(5) 


AT AZ ( 5) 


XMIN(5) 


XSÀVI 


XG M 


ASVOL 


XV (5) 


PROGRAM 


"ovo em 
MALIN 


DES 1G1 


TAIN 


A IN 





The values of the five independent 
variables which has yielded the 
best design. 


The maximum permissable values 
wnich the five random variables 
may assune. 


Tae minimum values which the five 
random varlables may assume. 


The value of the random variable 
being updated which resulted in the 
last valid design. 


The excess metacentric height 
beyond the required ten percent of 
the ship bean. 


Any excess volume traich results 
after the volume calculations have 
been completed. 


The value of the random variable 
being updated and the values of 

the four random variables not 

being updated which resulted in the 
last velid design. 


Variable used when initielizing 
the random number generator. 





APPENDIX D 


User Instructions 


wnen using the program, it is first necessary to 
establish upper and lower limits or tie ive desu D 
variables. The variable limits selected must satisfy the 
inequalities (5) through (12). Initial values for the ran- 
dom variables must also be selected by the user. Naturally, 
se values should lie within the variable limits. It 
is not necessary that the set of initial variable values 
result in a satisfactory design. If the initial values 
are not valid, the program attenpts twenty-four randomly 
generated combinations in an attempt to find an initial, 
feasible solution. If it is successful, it continues for 


m 


the specified number of loops. If it is not successiul, 


€ 


LG prints en output vage whic 
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what changes are necessary to obtein a feasible design. 
An example of an unsuccessful design ls included in 
appendix F, 

The user has an option as to the type of powering 
calculation desired. Tne installed horsepower may be 
specified by the user or, the program can calculate the 
maximum required horsepower. The powering mode indicator 
memes follows: 

0 Program calculates power required. 


^ 3 4 ; e nae 7 
istalled horsepower iS Speciiiec. 


de 


L 
Hi 
Ls 


Another user option occurs in the choice of effectiveness 





calculation. 


nave 


The folloving data cards 
Card 


1-103 





tne 


Node 3 


Here there are 


followino result: 


Indice. AOL 


T dm ath 


O 





four mode indicators which 


Result 


* 


Tne endurance effectiveness is 
Zero if the actual endurance 


exceeds the required. 


Excess endurance causes a 
decrease in effectiveness. 


Towing pull power greater than 
the specified required pull 
decreases the effectiveness. 


Additional cndurance and exiig 
towing pull power are both 
considered unnecessary and de= 
grade the eiiectivencss. 














must be provided: 
..:0iumns Format Bata — rl M 
5 22-63 6F7.3 taylor Standard Series residual 
Tosistanace 60 ګل‎ 
1-4 14 number of loops desired 
6-10 Poe! percent of number of loops at 
first exponent 
16-20 — $5.2 percent of number of loops at 
secona expolena 
26-30 35.3 percent of number of loops at: 
third exponent 
26-40 75.3 percent of Numero, Teepe L 
final exponent 
46-4 ie first exponent for search 
51-52 i second exponent for search 
56-50 [2 th.ed  exvonceg n com 
61-02 1 2 final exponent for search 





Card Columns Format Data 


nn nn AMADA 





A a a Anke ne 7 سخ‎ 


1037 16-25 F10.5 lower limit of displacement 
51-40 IOS upper limit of. displacement 


as 


46-55 F10.5 initial displacement 


RENEE ar ET a r < 5 DA a Ann nn m nn rtp PAID pr ss ET EN سه رس سیوس دا‎ ELA A map... 








1038 16-25 F19.5 lower limit of speed-length ratio 
31-40  F10.5 upper limit of speed-length ratio 


46-55 710.5 initial speed-length ratio 











1039 16-25 F10.5 lower limit of beam=—to=creaty veto 
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fNJ 
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ar. 

SS ۳ )و5 انا‎ ٣ SC اول هځ اوا‎ ۱۷٣/027 re 
ISaIP AFiS IU T l TOYS 19X,;F641 1! TUNSY/2 As "PaCv] Slows £0 ee sce  څ‎ 
CORES "sC Ecel 91 TONS: /2)A*' GENERAL 5۱0185 و1 و65 و 20۸وا‎ ١ ٢٢٢٢ re 
2'pDO"AoL- wATlER!sezl1AsPO.]s' ۱05/2 1۸ او‎ 1۹511۱٨6 UI SA 
Boers! IONS'ZziAs:s'oIEocL ٧١۱١د‎ 4 اوک او‎ t OASIS 
ran: [O55S1⁄21A F 'GASšSES O NS A a "GUIPIAE 
Slt eli XesFo0ele" PUNS1//21X>'FIULL LOAD DI O PLACe=uc N] t 6 ]3X5 OO KP E 
IMA Cia TAS IN) 1///) 

ESLIEUÓs.27) 

FORMAT(9OX داو‎ IMIS IS THE BREAD er VIE Wor ee SUPERS (phon eee. 


UPPER DECK'/9OXs'OF THE ° ME t IS. SIN TEE eo ow mau‏ يوا 
Pea ||, THE SUPERSTRUCTURE JS '/9XsUOMNE-@GUARTER OF THE E.g. DP. IN TEEN‏ 
36۱۲٢ f‏ 
تل o‏ الو 5۹م ۳ل و 5 ETTETSSs2ZE)VEL>SVS TREE» !"SALVSSVBERTR > VE E55 ss VY HD» ١٣٢۸٢‏ 
Mg jo VEKRSs VOHOP>S + VGROT As VSTIRGHKS VAMPOs VHACH» VFUELSVWATERS VELLO.‏ 
2WVBAL (2). XSVOL‏ 

NOR MAICIAL1+41X> "VOLUMES!//21X9 "TOTAL VOIJAN= AVATLABLE"+11x>F7.0+ 
EN SIC FECT Y7721Xs PROVISIONS BND STOKES VOLUMET» 5XsF 1.05" “CUste 
Meee Xe OAV AGE SORES VOLUME" s 12xXer 7. 0s!) CUBIC FEEM7 2 E 
Pee SIHING SPACE VOLUME's12X%2F 760s! CUBIC EET !/21X, !ME S5IMG SPA 
1 UdIE'sISAsSEYWOse'! CUBIC FEET? TA: SANITARY SPACE VOLUME! > j 
Mo CUBIC FEET"/21:9+'BAGGAGE STOWAGE VOLUME! + 11X9F 7.09" لر ال‎ 
NE UA?» TOFFICE SPACE VOLUME! 9+14x>F7.9s+! CUSI ٢٢ اع‎ (١ اا و2‎ 7 11٢ 3 
NN 1.v*'5]6X9fF /eos' CUBIC FEE ٢ 21 لو‎ ۸١ ROO AND UP ITA PBP j S 
Meee ie SFI OST CUBIC FEEI'Z2TXS'DSCK GEAR AND ET SG ut LOCKER DE S 
Pees 0s’ CUBIC FEET!/21xA5'SHUP A uoc uM C ub IC FE MM ee 
[Meee LASS ROVia AND CHAIN LK VOL e sF l0 CUDI FEE. IA Zi ee 
1 GlAX REG VOLUME 1 8SX:F CADA CISSI ٩ 2٣٢٢ و ر721‎ ۱۵7/7۱) 1 ١١١ VESTI 
IN fee! Comic FEE, '/21lAs (MACHINERY PAC VOL OCE ts X. r m 
SIE Fezit/2lastruci OIL TANK a u Cole FIIISSE 


ERES J WATER TAK VOLUnRE اوناسو اځ و ېرلا( و‎ CUBIT@ FEET1/2UX8 R pss 
O LUZ ۸ او(ام څ څو‎ CUBIC FESLIFZ21XsteCALLAcl Ta p لل‎ 
Meee ds ODIO FEETY/S 2 aX s "EXCESS VOLJE e ZOX- Fre Os U CUSI CEA 
77) 

me tie (Ae De) . c hear 

i se See Le IS Smoke Ks ber ots U Friel! /55ks bine = وا‎ 
meme Ff AE NG IRS SE UN gt pees! EES TZ SSK O = Ls Ence O LITT 
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EN پمپ‎ A 
EE (5.31) (CS 1)+I=1s5) CET 

I; I 07212 Í ACHUISITICN COSTty5X 2592 S Í! MILLION DEE 
1 Z1X> 1 ANNUAL CREW CI>TS 'sFO,62! MILLION DGLLARS!/21X% 8 "AN eee 
EN PKEFEP COST SECS MILLION 020۸۵5 21:11:75 CYCLEUGOS MEUM 
Bra»: MILLION DOLLARS!/// 

me 16165332) ENGSOPL 

(oy 


w 


Bees Ti Ske Ix Tea MACHINERY SPACZ VOLUME WAS CO"PUTED FRO*" A CAECE 
E eee es cio la YING SPACE Lass GF 'sF 6.73! Peele لل‎ 
2 QA s t r S: POSEE SS GY 15 COMPUTED EY ASUS: RESUIREL CMA ال‎ 
ee Owe rJUx!'/W.'rixtt CURELACR) Ur jan PET vi free orl TPS brea?) 





RETURN 
END 











APPDSDIA P 


فود سوا 


This appendix contains a sample output for the case 
where no initial, feasible solution nas found ard a lists 
Mero a sample run in which the program selected an 


optimum design. 
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Dis Tal ODS S l LIEPS IY IHE rxe uNe TIn P D pom m 
Ld NI 1r quu ن نه‎ OA ps NENT CHARGES EAE AS M 


Pea ] 


Lies EXPONENT = 1 
i MD AS ENP pp = 3 ^ 0 
MEX] DAS EXSCNENT = 4 
D a reel a et — - 
TRE PAZAYETOLS CONTROLLING TAL SEARCH WERE د‎ | 


mn m nn e 


MIATA MAX] MU OIL 


۷ 5٧ لر ۴ س‎ "DO DR “200 00s: © ظول 567 لل‎ 
SPEFU-LENGTH kATIO Io, 1.050 Laagi 

I i] j= AI RATIO 7 — 2.750^ MINO. TSS 
SS IR-EPI PATIO Soc 4 „2 IB es 
PRISMATIC CurrriCiENT | SO CRG C BO Teer de 
MEA A NE ERI bo | ee و‎ 1 ۳٧٢٧ eee EE اا‎ | 
MAATUU A DI s. Lus a racc LEN 1 Ae. OS S SS sss 
IED ER OURARCE = 1009070 NAUTICAL VILES AT 13.9 KiOTS 


ey PLOT ATM 
٢ PROH QI 

IAS m UR c O T-7-7- 
DEN S QUEUE 

iom, pacc ET s | Oro) 


Ms STAGE SFECIEJED PAS 133000,C "MUNDOS 


MRE INSTALLED ۶02 5۶٢1٢1١٤ ۲ه‎ 60.2 7 


NS A ux bic mop L f س‎ : = 
. 

ED meter s TuS 

Ill ilo = li. Tit > 

<> iru NS uM ip cL T C اع عم‎ 


ENSURE ANCE 
Meee NG Pcl ` 
DELK ARFA AF 
JOLLARO PULL 
pee AST 


et ipe = 
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مور‎ 
r 
punt 
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INITI 
E ) x) A 
E 


AL 


DES 


VARI 
LG TSG 
CALCULATED 


VALUES 


INDICAT 


AT LS 
11.00, 


pee n 
يوي د وی‎ ake 


th. = 218.65 ECE u ee er NS ND ACIES OLIM 
ENS C rae 255. 35 FEET, FR FE YA? D S D PEE CE k; 
L A CUEFEICIF IIS = MA a = = ——— ——— NS 
al —-.5bf0, MIDSHIPS لل ولت‎ buceo VD TITIUS El 
RESISTANCE ANS EFROPULS | ON DATA — 
ae. = aos IED SSA Ce Zone Star FEF 
E Imus S.'.n.PDP.- 600.0, ENE AE UA V 
WETCHTS - 
OLUV I Howls: LETS LA N 
INSI UP 2 s LS لل"‎ O 
à ee A Ur op MM no c ME. S 
GruUUP + CO weet Chine د ددد وړ‎ 
Wei د‎  a'xiljlaà5Y د۷‎ IS LS 
ECO 4 (ee, ieee eth n s 1 و لل‎ duque 
Oue / ARPA E o ALAS 
ES HIP هم مل‎ د٢‎ ٢ D NI NU EE 
MS 2302 Tol Sy RESULTING I4 FNDJXSANZE = 2.2 ۹٣۷1171١ ١ s 
1 U Ue tT FEST. IUECRXLESS VO JSE = 33115. 823i لل دل‎ 
Meet tty NW AIR > 
E a = 1 yy + 5 = E pe Í ç = k Eu PO E = 4. E Í 
lg ru iy 3 3 5 = 
meee Ih a ¿L ig E | ee E 
peo Jic X ee Bee 30 105 
NEC X Wa. cer) ae SE DIS lec 
EN AU vti t ee E ee r f sÍ: Í = Dom 
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Sm]? Jahr TS E CD Ei E 7 eee 
E r5» VL!J4I c) HII 7777 en Be 
E -55 SIABILTTIY Cee ai Jf j ee EE 
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TOWING PULL 


SALVASE TUG DPTIMIZATICN 
PASE 1 


THIS TRIAL WAS MADE USING 500 LOCPS IA THE EXPCNENTIAL RANDOM SEARCH. 
THE NUMBER OF LOOPS AND UPDATING EXPONENT CHANGES WERE AS FOLCO S 


EXFCNENT = ]‏ 39011177 د111 

NEAY 100 LOOPS EXPCNENT = 3 

NEN 25 LOGOS EXFGNENT - 5 

CASO 25 i100 EXPLNENT = 7 

Un PARAMETERS CUNTROLLIMG THE SEARCH KERE — 

RINT MUM MAXIMUM INITIAL 
DISPLACEMENT mE | 2000. GO 0 — 2000 QUO0D 221 308 
EDEFD-LENGTH RATIO C.850 1.090 2810/5083 
DLAN- TO-LRAFT RATIO 2.250 5: 0S r 557 
BENGTIH-TU-DEPIH RATIO 9.000 14.000 122509 
EN SHATIC COEFFICIENT 0.480 0.650 | 1 ۹ لل‎ 5 


u O I PATING CHARACTERISTICS SPECIFIED WERE = 


MAXIMUM ALLOKABLE DRAFT = 15.0 FEET 


REQUIRED ENDURANCE د‎ 10000.60 NAUTICAL MILES AT 13.0 KNOTS gy اك"‎ 


E TEED REQUIREMENTS WERE — 


A ere‏ )چم د 
MAXIMUM IE NTS OSOBO‏ 
ENDURANCE 13-0 KNOTS Su‏ 
TGniNOG 14.0 KNOTS 0.650‏ 


emery! RESISTANCE SPECIFIED HAS 153C0040 POUNDS 


EM SIRICTIICNOkAS PLACED ON MAXIMUM INSTALLEE SHP 


THE ARFAHENT REGUIREMHENTS WERE ~ 

ARFAMENT WEIGHT = 2.34 TONS 

APMUNITIUN WEIGHT = 11.2 TONS 

BRMENTTICN VELUME = 5CO, CUBIC FEET 

Meee IGHYING FACTORS FOR THE EFFECTIVENESS CALCULATION WERE = 


ENLURANCE 


* 


DECK AREA AFT 
BCLLARD PULL 
BALLAST 

SHIP DRAFT 
EXCESS VOLUME 
CESS STABILITY 


o 8 


° 


سم لم نم سم سم سم نيم = 
9 ^ 
So © oO See ©‏ 


A PENALTY WAS ASSIGNED FCR EXCESS ENDURANCE AND EXCESS TOWING PULL 





VALUES OF RANDOM VARIA 
FULL O DI 
A O PSP ATI 
COEFFICIENT A99, 


Sit? DIMENSIGCNS = 
[sl oD = 2812230 [EL] 
DEPTH = 20.49 FEET» 


fees COEFFICIENTS = 
PRISHATIC =.499; 


ESSISIANCE AND PROPULSA 


SALVAGE 


BLES - 
ENT = 


= 3.698; 


y BEAM 


EREFPOARE 


MIOSHIPS 20,951; 


ION 


DATAT: 


4 TONS; 
LENGTH- IG-DEPTH 


47.78 FEET, 
231 FEET 


= q 


SPECUC-LENGTH RAs 


BLOCK =.47 


TUG: OP II 2 A iain 
LUCP #79 


RATIO 


DRAFT 


D9 


= "P24 Sol SCUARE EEETS 
1140.3 


-— 


FEES, GHe= 8267 E 


CF 
CF 
OF 
iP 
CF 
ts 
Cr 
CF 


EsHoPo= 6645.2, WETITED SURFACE 
MAXIMUM S.H.P.-  Á 3488.5; ENDURANCE S.H.P.- 
WEIGHTS — 
GROUP 1 HOCE STRUCTURE 825.84 TGAS 
GROUP 2 PROPULSION |» 156.12 IULh5 
GROUP 3 EVES TRC PLANT 47.30 TCNS 
GROUP 4 COMM ANG CONTROL 15.42 TONS 
GROUP 5 AUXILIARY SYSTEMS 504.10 TORS 
GRGUP 6 OUTFIT AND FURN. 308.%3 TEÉNS ` 
GROUP 7 ARMAMENT OS 
Misal SHIP DISPLACEMENT Po O NS 
FUEL = 134.4 TONS, RESULTING IN ENDURANCE = 
meme = 191412. CUBIC FEETe THE EXCESS VOLUME 
BILITY DATA — 
KG = 16.29 FEET, KB = 7.94 FEET, BM = 17.02 
mmo? iVENESSES = 
ENDUKANCE USO ٧۷ 1 1٢٢ WEIGHT 
TOWING PULL SC U00 NITH WEIGHT 
DECK AREA AFT G.491 WITH WEIGHT 
POLLARD PULL 0:993 IE EIS 
BALLAST 0.0 WITH WEIGERT 
Ej?) DRAFT r 1.189 HITE EIGHT 
EXCESS VDLUHE 0.45602 WITH WEIGHT 
BAÁCESS SiABiLITY 24119 ilh WCIGSHI 
Nui — 
MeeeisiliCn COST = 8.851329 MILLICN DOLLARS 
meee CYCLE Cost = 20.555356 MILLIGNM DCULARS 


O EFFECTIVENESS = 


0.1803 


VOLUMETRIC = 


$810.2 NAUTICAL 


8652. 


1.0 
1.06 
120 
reO 
1.0 
1.0 
1.0 
1.0 


CUBIC TEE 





THE FCLLOWIN 
EVALUATED US 


SAHIP 
its 
BEAM 
DRAFT 
DEPTH 


Decr 


E.H.P.-— 


WE YTED 


AS 15 1 
MIRE SUPER 


CNE-GUARTEK 


SALVAGE 


COESION 


WAS FOUND To 


3E THE OPTIPUN 


UGS FAN 


OF THE 1475 DESI OI 


ING THE EXPGNENTIAL RANDOM SEARCH OPTIMIZATION TECHNIQUE. 
DIMENSIONS FUR SCO EFF LCE as CREW 
28۱ 2ھ2‎ rtr PRISMATIC C.439 6 DEFIC P 5 
ET VIOSE Ls 0.951 4. Ci ال‎ 
MAA EEN BLCCK nsn 59 END Stee 
20¢49 FEET VOL ieee CO CEO TI 
25.459 FEET KATERPLANE -0.723 
64625 MAXINHUM S.H.P.— 3488.5. ENDURANCE Sila s S 
SUREACE = 1243127 SQUA Hf I [I í 
GROUP 1 HULL STRUCTUUR? 0259: 31 ٢ 
GROUP 2 PROPULSIGN 146.7 TONS 
GROUP 3 ELECTRIC PLANT 4723 TONS 2S 
GROUP 4 COMM AND CONTROL 15.4 TONS 
GROUP 5 AUXILIARY SySI PS hOn TOS š 7 
GROUP 6 QUTFIT AND FURN 208.4 TONS 
GROUP 7 ARMAMENT MEE dS U 
LIGHT SHIP DISP L (W/O MARGINS} 1850.2 TONS 
BUILDERS FARGIN 13:7 1-٢ 
DESIGN FARGIN TO TONS 
CHANGE CRDERS 22.2 TONS 
GOVT FURNISHED MATERIA je SOS 
IGHT SHIP DISPL (WITH  VARGINS) US 1901 MENS 
Sale SOI CeERS. LRENTASDZEI re PO NE 
SHiP AMPUNITION |l .2 ٢٢ 5 
PROVISTENS ANO PERSCANE TE IER: 12.17 ICNS 
GENERAL STORES Lie? TONS 
POTABLE WATER 63.9 TONS 
LUGRICATIRS Gils Srir Ret its 
[Fil Se. CIL 134.4 TONS 
FOAM LICUID 8.2 CNS 
GASES 15.0 TONS 
SALVAGE EGQUIPRERNT 102.3 TONS 
PULP See Ab DISPLACE ENS 2n £A DIS 
{lth MARGINS} 


HE OE UTE 
SIR UCI URE IS SIX 
[UU Er. Be Po TN 


GF THE LOWER 


ii 


LUN 


š 


LESS IN 
Gite 


« لگ د SU‏ 


BREADTH. 


THE UPRO 
TRE SUPERSTR 


DIOS 


RUC r وي‎ 





VOLUMES 


LOTO MESA Aia 1914124 6001) "اا‎ 
PROVISIENS AND STORES OT 3519 قا‎ ۴ ۴ PEN 
SALVADES STORES: VOLS 34250, CU5I GD FD) 
DER TINO SPACE VOLT E 12408 CUBIC 
MESSING SPACES MOE 2239. CURTCR ET 
SANITARY SPACE VOLUME 3294. CUBI Dr 
BAGGAGE STOWAGE VOLUME | 2444 CUB I Cee re 
Git Cees? ACE iis 10480, )۱001)) ٢٢-٢ 
PASSAGEWAY VOLUME 1)) کا ط ۱01) ه3‎ ک٢‎ 


FAN ROOM AND UPTAKE SPACE VCLUME S52 ۱٢٢) E 
DECK GEAR AND MISC. LUCK BRS VOL; SU ES TE LEE 


SUE VOLUMES ¿ADO CUIDEN 
WINDLASS RUUM AND CHAIN LKR VOL. €230— CUBIC MEE 
STEERING GEAR ROOM VOLUME 6400 CUBIC TEET 
AMMUNITIGN VOLUME 500. CUBIC EET MEE 
RACHINERY SPACE VULUNESS 45453. CUBIC FEET 
1 1 CIL TANK VDISUME 6086. CUBIC FER 
FRESH WATER TANK VOLUME 2300. CUETO E 
LUBE CIL TANKS VOLUME 5” 3583 CUBIC EE: سر‎ 
BALLAST TANK VOLUME 6476. CUBIC FEET 
EAS SS INE 86524 CUBILE EI 
8) ٥7١) ٢ ۳٢ 

KO = SSG FEET 

BM = 17.02 FEET 

kG = 16:29 FEET 

GMH | SG Oe hee | 


۱۸٨) 5 3 ه6‎ X. gr 


۱151 1 5 

TOWING PULL OO CON O 

L Ll AKO pul 1 211-71 تک‎ 

pH TERT rear tere FEET 

CUST 

AOUE TILT CCST 18271 ION: DOLLARS 
ANNUAL CREW CQSTS 0,484000 MILLION DOLLARS 
NNUAL UPKEEP COST 0.2715 7 T ITCN DOLLARS 
LE A COSI ZO 050550 MAIL TON DOLLARS 


* THE MACHINERY SPACE VOLUME WAS CCMPUTED FROM A CALCULATED REQUIRED 
ENGINEERING SPACE LENGTH OF 57.70 FEET. 


&* THE EXCESS GM IS COMPUTED BY ASSUMING A REQUIRED GM (UNCORRECTED FOR 
Meee SURFACE) OF TEN PERCENT UF THE SHIPS BEAN 


Sp 














